ABSTRACT. During surveillance for bovine diarrhea of unknown causes in Japanese black cattle in Kagoshima Prefecture, Japan, we found two types of novel kobu-like viruses in fecal samples of calves. Sequence analyses revealed that they had L protein and 2A protein with Hbox/NC sequence motif, which are present in kobuviruses. Phylogenetic analysis revealed that they were related to kobuviruses; however, they clustered apart from other kobuviruses. In the prevalence study of two types of novel kobu-like viruses, 16.9% and 10.4% prevalence of these viruses were observed in the feces of diarrheal calves in this area.
Kobuviruses are members of the family Picornaviridae, which currently comprises 29 genera [4] . Picornaviruses are nonenveloped small RNA viruses with a positive-sense, single-stranded RNA genome that encodes a single polyprotein [14] . The genus Kobuvirus currently comprises three species (Aichivirus A, formerly aichi virus; Aichivirus B, formerly bovine kobuvirus; and Aichivirus C, formerly porcine kobuvirus) in addition to two unassigned viruses: caprine kobuvirus 1 and European roller kobuvirus 1 [4] . Aichivirus A and Aichivirus B are constituted by four and three types of viruses (i.e., Aichivirus A: aichi virus 1, feline kobuvirus 1, canine kobuvirus 1 and murine kobuvirus 1; Aichivirus B: bovine kobuvirus 1, ferret kobuvirus 1 and sheep kobuvirus 1), respectively, while Aichivirus C comprises only porcine kobuvirus 1.
Aichi virus and bovine kobuvirus were first recognized in Aichi Prefecture, Japan, in 1989 and 2003, respectively [17, 18] . Aichi virus 1 is a causative agent of gastroenteritis in humans [14] , while porcine kobuvirus 1 was detected with a high frequency in non-diarrheic healthy pigs [12, 19] .
Bovine kobuvirus 1 is thought to be associated with diarrhea in cattle; however, it can be detected in both healthy and diarrheic animals [5, 14] .
Kagoshima Prefecture is located at the south end of Kyushu, and around 312,000 Japanese black breeding cattle are raised for beef in this area, which is the largest population of cattle in Japan. In the course of an epidemiological investigation of bovine diarrhea in Kagoshima Prefecture, we identified novel kobuviruses in fecal samples of Japanese black calves.
Thirteen fecal samples, collected during December 2014 to January 2015, from calves with diarrhea were investigated using a metagenomics approach. Viral RNA extraction, cDNA library construction and deep sequencing were performed as described previously [9] . We found large sequence contigs, both of which had an approximate length of 8,000 nucleotides (nt) from two calves (8 and 14 days old) raised on two distinct farms. These two samples also contained the sequence reads of nebovirus and bovine astrovirus. Using nucleotide BLAST searches, the contigs, which had about 8,000 nt length, showed similarity to kobuvirus genomes. We determined the complete genome sequence of one strain, named Kagoshima-2-24-KoV/2015/JPN (Kago-2-24), using the rapid amplification cDNA end method (5′-Full RACE Core Set; TaKaRa Bio, Otsu, Japan). The complete genome length of Kago Complete amino acid sequences of Kago2-24 and Kago1-22 were aligned with representative strains of kobuviruses, salivirus-1 (Salivirus) [7] , klassevirus Hu/02394-01/2002/ US (Salivirus) [3] , hepatitis A virus 1 (Hepatovirus) [1] , human parechovirus 2 (Parechovirus) [2] and avian encephalomyelitis virus 1 (Tremovirus) [8] using ClustalW, and phylogenetic analysis was performed by the neighbor-joining method using MEGA5.22 [15] . The phylogenetic tree was statistically supported by bootstrapping with 1,000 replicates. Kago-2-24 and Kago-1-22 were related to each other and formed a distinct cluster in the tree with 100% bootstrap support. These strains are distantly related to the current official species of the genus Kobuvirus, i.e. Aichivirus A [18] , B [17] and C [13, 16] and unassigned viruses: caprine kobuvirus 1 [10] and European roller kobuvirus 1 [11] (Fig.  1) . Pairwise sequence identity calculations were performed using CLC Genomics Workbench 6.0 (CLC bio, Aarhus, Denmark). Pairwise alignment of the amino acid sequences of Kago-2-24 and Kago-1-22 with those of kobuviruses revealed that they shared 45.4-50.0% (complete polyprotein), 43.3-53.7% (P1), 49.4-54.8% (2C), 41.7-49.7% (P2), 56.7-60.8% (3CD) and 54.0-57.3% (P3) sequence identities ( Table 1 ). The sequence identities between Kago-2-24 and Kago-1-22 were 65.3% (complete polyprotein), 73.6% (P1), 61.4% (2C) and 71.9% (3CD).
We inoculated the clarified supernatant from 10% fecal samples into the Madin-Darby Bovine Kidney cells and Vero cells. However, cytopathic effect was not observed in any inoculated cells.
To investigate the prevalence of these kobuviruses, the specific amplification primers for Kago-2-24 (forward primer: 5′-GCTTTCATGGACCATTGCGCG-3′, reverse primer: 5′-GGAGAGTCGAGAGCACCGCCGAA-3′) and Kago-1-22 (forward primer: 5′-TCTGCAAACAACTACCAGAT-3′, reverse primer: 5′-GTGGGAAGCGGTTTGTGACAGC-3′) were designed based on 5′UTR sequences of these strains, and reverse transcription PCR (RT-PCR) was performed. Of the 77 fecal samples collected from 3-to 81-day-old diarrheal calves from 34 farms in Kagoshima Prefecture from October 2014 to January 2015, 13 calves (16.9%) from two farms and 8 calves (10.4%) from five farms were positive for Kago-2-24 and Kago-1-22 specific RT-PCR, respectively. Two farms which were positive for Kago-2-24 RNA were located separately from five farms which were positive for Kago-1-22 RNA, indicating that prevalence regions of these viruses may be separated. In addition, seven and ten fecal samples of diarrheic calves from distinct regions, namely the Ishikawa Prefecture and Hokkaido Prefecture, respectively, were investigated using Kago-2-24-and Kago-1-22-specific RT-PCR. No positive sample for RNA of Kago-2-24 or Kago-1-22 was identified.
In summary, we identified two novel kobu-like viruses from Japanese black cattle. These viruses had a standard picornavirus genome organization and sequence homology to the genus Kobuvirus. Kago-2-24 and Kago-1-22 have L protein. The 2A proteins of Kago-2-24 and Kago-1-22 contain H-box/NC motifs which are present in kobuviruses. Thus, it is suggested that these viruses belong to the genus Kobuvirus. Phylogenetic analysis revealed that they were related to kobuviruses; however, they clustered apart from other kobuviruses. The International Committee on Taxonomy of Viruses (ICTV) has proposed that the different species within kobuviruses are defined by amino acid identities in the complete polyprotein, P1, 2C and 3CD regions being <70%, <70%, <80% and <80%, respectively [4] . Based on these criteria, Kago-2-24 and Kago-1-22 do not fall into the current proposed species of Kobuvirus and probably represent a previously unrecognized species. Furthermore, the Picornaviridae section in the 9th ICTV Report has proposed that different picornavirus genera are defined by amino acid identity in the polyprotein being <58% [6] . Based on the criteria, Kago-2-24 and Kago-1-22 may not fall into the current official genera.
These new kobu-like viruses were identified from diarrheal calves of Japanese black cattle in Kagoshima Prefecture, which is a major region of beef cattle production in Japan. In this area, 16.9% and 10.4% detection rates for RNA of Kago-2-24 and Kago-1-22, respectively, were observed in the feces of diarrheal calves. No RT-PCR-positive sample for RNA of Kago-2-24 and Kago-1-22 was identified in diarrheal calves from other distinct areas. Although these new kobu-like viruses were identified from calves with diarrhea, the pathogenic potential of these viruses in cattle is still unclear. In the metagenomics analyses of the fecal samples containing Kago-2-24 and Kago-1-22, in addition to these kobu-like viruses, the sequence reads of nebovirus and astrovirus were simultaneously identified. Nebovirus and astrovirus are bovine enteric viruses; however, their association with enteric diseases is not well documented. In future, the pathogenic potential of these kobu-like viruses including co-infection with other enteric viruses should be clarified, and their potential transmission to other domestic animals or humans should be investigated. 
